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TABLE 4.12

lon-Molecule Collisions

Process
Elastic Scattering

Reaction Scheme
XE + AB — XT + AB

Positive lons

Nonresonant charge transfer
Resonant charge transfer
Dissociative charge transfer
Projectile excitation

Target excitation

Target ionization

Atom interchange

Ion interchange

Addition

Three-body association

Negative lons

Heavy atom transfer
Associative detachment
Detachment

Xt+ AB— ABT+ X
ABt+ AB — AB + AB*
Xt+AB— AT+ B+ X
Xt+ AB— X**+ AB
X+ AB - Xt AR
Xt+ AB— Xt+ ABt+ e
Xt4+ AB— XAt+B
XB*+A—- X+AB*
Xt+ AB — XAB*
X*+A+B—- XA"+B

X+ AB— XA + B~
X"+ AB— XAB +e
X~+AB—> X+ AB+e
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FIGURE 4.35
A set of cross sections for the Ar™ ions in Ar.
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A set of cross sections for N™ ions in Na.
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proton transfer: HS™ + HbO — HS + H307;

o JE T
JMEZATES (hydrogen) atom transfer: CoH;” + CoHy — CoHs™ + Co Hs;

\
7 RRL hydride ion transfer: RY + R,y — R,y + Ry
. HETHE®aE Hf + o> Hf + H. "
) R,H, R,;H
N2+ 40— NO*+N and KA
. FEFEAR ot + N, —» NO* + N, Rl

O+ HO —- OH + OH, O"4+0—>0+4+0+e,
O™ 420, - O3 + 0O, and O"4+0—- O+ 0Oy +e,

Oy +0—> O3+e.
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A set of cross sections for fast Ar atoms in argon. lonization and ultraviolet excitation cross
sections are identical.
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TABLE 4.13
%&E s A Collisions of Excited Species
N
: EVRL Process Reaction Scheme Energy Condition
Ry N ; -
- ﬁ'ﬁ%ﬁbg ) E]: = Leading to Ionization
ey Penning ionization X*+AB— X+ ABT+e &j(X) = £ (AB)
_-"'I:"‘:-l'¥z-7_r1£ Dissociative ionization X+ AB—>X+A+Bt+e gj(X) =
Associative ionization X* + AB— (XAB)* +e &4(AB)+&i(B)
ave Heavy atom ionization transfer X*+ AB — XAt +B+e £j(X) = & (XA)
u 'f‘t }i}_\_ +£4(AB) — g4(XA)
Energy pooling X'+ X = X] +e
Ion pair formation X*+AB— X+ A~ +BF

» REUE

Leading to De-excitation or Excitation Transfer

B SREr Excimer formation X*+X+M-=X3+M
n
(R r_—.r rﬁ¥{$ Transition to resonance levels XM 4 X— X 4 X —=2X+
— - < Lt j k
|:|:| }'u'_il_EE, = E/\JE Coll%Sfona.l radiative c'!ec.ay X* +X=> X'+ X=>2X+h
Collision-induced emission X +X-=>2X+ M
gﬁfé Transfer of electronic excitation X* + AB — X + AB*

Dissociative excitation transfer ~ X* + AB — X + A* + B + (&xin)
Exciplex formation X*+AB— XA* +B
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FIGURE 4.38
Cross sections for the Penning ionization, chemi-ionization, and elastic scattering.
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lonization coefficients normalized by the field («/E [V-1] number of ionizations per unit of
potential difference) for neon-argon mixtures.
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Energy diagram of He and Cd.
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TABLE 4.14

FR{RRIE
={RnilE

A+ A+ A=

A*+A=A+A+hu
I QEIEQEIU\D

Quenching of Excited States Often Used in Plasma Diagnostics

Molecule Feed Excitation Rad-Lifetime Emission Quenching Coefficient
(Excited State) Gas Energy (eV) Trad (NS) v (nm) ky (cm? s—1)
Ar(2p1) Ar 13.57 21 750.4 0.16 1010
Ar(3po) Ar 14.57 90 419.8 2710710
No(C3M,;v =00 N» 11.03 36 337.1 151071
NI (B’ ;v=0) N 18.75 63 391.4 451010
H(n = 3) H> 12.1 15 656.3 3.810°
H(n = 3) Ar 12.1 15 656.3 461010
H(n = 3) CHy4 12.1 15 656.3 3.5107"
H(n =2) H> 10.2 15 656.3 25107
Hy(d*M,;v=0) H, 13.8 39 601.8 3.310°°
CH(A2A) CHy 12.08 565 431.1 20101
CH(B2x) CHy 12.43 357 387.1 6.8 1071
02(3p%P) O, 10.98 34 844.6 6.310~10
02(3p°P) O, 10.73 34 777 4 10.8 1010

A+ A= A+ A+ ).
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Cross sections for photon-induced detachment for negative ions in oxygen.
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TABLE 4.17

Work-Function of Typical Metals
Metal cp(eV) o@(eV) Metal c=p(eV) @eV) Metal cp(eV)  oleV)

Li 47 2.38 Cu 43 2.80 In — 3.8
Na . W | 2.35 Sr — 235 Ga — 3.96
K 2.1 222 Ba — 2.49 TI — 3.7
Rb 1.8 2.16 Nb — 3.99 Sn — 4.38
Cs 1.5 1.81 Fe — 431 Pb — 4.0
Cu 7.0 4t Mn — 3.83 Bi — 44
Ag 53 43 Zn — 424 Pt — 5.3
Au 5.5 43 Cd — 4.1 W — 45
Be 14.3 3.92 Hg — 452 Ta — 42
Mg — 3.64 Al 5.6 425 Ni — 46
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FIGURE 4.45
Photo-emission yield for some metals as a function of photon energy.
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1
exp(5E) + 1

fle) =
the Richardson-Dushman equation

_ AT ¢
] = AT exp( kT)

where | is the current density, A = 4mwemk?/h* = 1.2 x 10°Am=2K~2, and k
is the Boltzmann constant. In practice, either tungsten (coated by thorium)
or oxide (e.g., BaO) cathodes are used as thermionic sources of electrons. A
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Schematics of a potential energy diagram for interaction of a particle with the surface (a) at a
distance and (b) in closest contact.
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Secondary electron yields for rare gas ions colliding with a clean tungsten surface.
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Potentials for surface ion production: (a) ¢; < ¢: production of positive ions, (b) ¢; > ¢: produc-
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Potentials for a hydrogen atom on a W surface: (a) without external field (dashed line), (b) with
the external field (solid line).

Exercise 4.11.2

A hydrogen atom resides at the surface of tungsten (W; ¢ = 4.5 eV) in an
external field 2 x 10° V em~!. Determine the critical distance z. required to
achieve field ionization.

Potential energy (eV)




wﬁﬂ%ﬁmg$ J5E (3)
o REMEA

O OB

m RIS - SEREENIRR |, AIEE
BEZE | iEREEREE AR
1/3~1/2

20+ M

B EFIR  (LERE  (FRBEKX
B2 BE , FiRReRRAR
2~3fZ

Ediss
+ O+ M

(™
4\
—

(=

Potential energy

— <=

Echem

B EASE  REE

e number of adsorbed molecules §

maximum uptake of molecules metal surface

USRS

rate of adsorption FIGURE 4.54
rate of collisions with the surface’ Potential energy diagrams for adsorption of an oxygen molecule on a metal surface.

L E—




SHEANRERNENIE (3)

¢ REHEATIE

O OB (%2 )

B BERSSERNXRE
W IRFRERERIELFRERE, SEMSRER , B kp(l —0).

m RIRMTIRRIELC T AR ERR ARSI ERR B0 0.

B RISSEG, W5 b : ENXIFERMEE
6 k bp

_:ép:bp, ) ) _

18 1+0bp

« RSERS, O~p,

RERIRBT - AL FERHEAYAEERTIE)

n %__EHT_I- , 9 ot ].
= =Tl exp(gp;,},s/kT), ) ™~ 10725

. chiEs -9 ~ pl/n



FUE SENFRENERTREQ)
RELER

T | FHE PRESHEIHERT
L)y =

JBM4RE © ftp://202.117.18.164/incoming/PE2017/ @



